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The objective of this research was to develop an in vitro model sys¬
tem for studying free radical effects on mammalian cells. Male Muntiacus
muntjak fibroblast cells were exposed to 2yg/ml and 4yg/ml of
2,2,6,6-tetramethyl-4-oxo-piperidin-l-oxy (TEMPONE) for 24 and 48 hr.
The cytogenetic analysis revealed chromosomal aberrations. The aberrations
observed were gaps, breaks, and endoreduplications. Additions of a-toco¬
pherol (Vitamin E) showed a decrease in the percent of aberrations as
compared to experimental cultures treated with TEMPONE alone.
Electron spin resonance analysis indicated that vitamin E quenches
the nitroxide signal. Vitamin E acts as an antioxidant to reduce TEMPONE,
thereby quenching the triplet spectra. Electron microscopy shows no
ultrastructural changes in the experimental cells. The concentrations
iii
of 2yg/ni1 and 4yg/nil were too low to cause cellular organelle damage.
The findings in this investigation support the theory that free
radicals do damage DNA and that a powerful antioxidant such as vitamin
E can act as a scavenger of free radicals. Further investigations will
be done to test additional free radicals at different concentrations
for a longer period of time.
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Numerous investigators have demonstrated a relationship between free
radicals and cell injury (Goldstein, et al., 1970). Free radicals are
entities that possess one or more unpaired electrons. Free-radicals reac¬
tions are common in normal cell physiology and some pathological situations
(Demopoulos, 1973). Radical reactions may occur as chain reactions.
Since most of the radicals are extramely reactive, they exist in low con-
centration of the order 10 M to 10" M. In the chain processes, the radi¬
cals are generated in the following steps: (1) the initiation process; (2)
they then react in a series of propagations in which the number of radicals
is conserved, and finally (3) the termination process in which the radicals
are destroyed (Pryor, 1973).
Radical reactions can occur within many groups of chemical compounds,
in proteins, lipids, carbohydrates, nucleic acids and the electron trans¬
port factors. Free radical pathology is based on the fact that key bio¬
molecules within a cell membrane and other macromolecules are highly
susceptible to radical reactions or attack (Demopoulos, 1973). Mutations
and the evolution of cancer and aging may be in part caused by side
effects of some of the free radicals produced in the course of normal
metabolism. If we apply the general concept of the mode of action of
active free radicals to mutation, cancer, and aging, it would seem that
mutation, since it is due to the DNA changes, could be initiated by free
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radicals through attack on the enzymes or precursors involved in the syn¬
thesis of DNA and/or chemical alterations of existing DNA.
In this investigation cells were treated with the nitroxide spin probe,
2,2,6,6-tetramethyl-4-oxo-piperidin-l-oxl (TEMPONE). The objective of
this research is to set up a model system for studying the effect of free
radicals on cells. The spin label TEMPONE is a stable free radical that
has been used in membrane studies. TEMPONE is used because of its high
solubility in both aqueous and hydrocarbon environments (Hubbel and
McConnel, 1968). The line widths and line shapes of the nitroxide spin
label are sensitive in the orientational and motional properties of its
environment. The absolute value of the hyperfine constants and g-values
are related to the over all structure in which the odd electrons resides.
These phenomena are sensitive to the polarity of the environment (Smith
and Yamane, 1967).
The cells were examined by cytogenetic analysis to determine if the
compound tested induced chromosome aberrations. Electron spin resonance
(ESR) spectra analyses of the treated and control cells were studied.
This methodology was used to measure the free-radical activity. Prelimi¬
nary studies of antioxidant control levels of induced free-radical activity
were investigated with the antioxidant, a-tocopherol (Vitamin E). Electron
microscopy was conducted on the cells to study the ultrastructure of the
controls and the experimentals.
The significance of this research is to determine the effects of a
nitroxide free radical spin label on fibroblast cells on Muntiacus muntjak,
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a deer with the lowest diploid chromosome number yet found in a mammal
(7 in the male, 8 in the female); and Chinese hamster cells by cytogenetic
techniques and by analysis of the electron spin resonance (ESR) spectra.
An antioxidant study was done with Vitamin E to demonstrate the control
of free radicals activity in cells.
CHAPTER II
REVIEW OF LITERATURE
The spin label 2,2,6,6-tetraniethyl-4-oxo-piperidin-l-oxyl (TEMPONE)
is a small nitroxide free radical molecule that is used in membrane studies.
TEHPONE is used as a spin label because of its high solubility in both
aqueous and hydrocarbon environments (Hubbell and McConnell, 1968). TEMPONE
is a very stable nitroxide free radical that is often used to probe mem¬
brane structure (Demopoulos, 1973). Biological membranes are considered
to be more complex than most model systems. The membranes contain many
components besides lipids, such as enzymes and reducing agents. Biomem¬
branes are considered heterogeneous in the distribution of components and
may contain many fluid and rigid lipid regions (Seelig, 1971).
Free radical reactions are common in most normal cell metabolism.
Abnormal and uncontrolled free radical reactions have been shown to be an
initiation factor in a variety of pathological processes (Demopoulos, 1973).
Much interest has been shown in controlling these radical reactions and
their relationship with certain diseases. Since living organisms do con¬
tain many physiological free radicals, there must be some control mechanism
in normal biological systems over free radical reactions. Molecular struc¬
tures such as cellular membranes, DNA and proteins contain sites that are
highly susceptible to radical attact (Muny and Farcasiu, 1970).
Some nitroxide free-radicals are obtained from the mutagenic (Mandell,
1960) and potently carcinogenic (Schoental, 1966) N-alky-N'-nitroso
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compounds upon illumination in organic solvents. N-methyl-N'-nitro-
N-nitrosoguanidine (MNNG) has been widely used as a mutagenic agent and
it is a potent carcinogen (Howard, et al., 1972). Apparently, the role
that nitroxide free-radicals play in mutagenic and carcinogenic activity
bears further investigation.
TEMPONE was used in earlier research as a spin label for exploratory
studies on the structure of a number of biological membranes (Hubbell and
MdConnell, 1968). This spin label molecule partitions between aqueous and
hydrophobic regions in membrane models and biological membranes (McConnell,
et al., 1972). The structure of TEMPONE is as follows:
O
TEMPONE in the presence of some biological materials shows a considerable
loss of ESR signal. Since TEMPONE is freely permeable to the cell mem¬
brane, the reduction of TEMPONE signal is presumably by cytoplasmic as
well as membrane sulfhydryl groups (Giotta and Wang, 1972).
Other nitroxyl free radicals such as 2,2,6,6-tetramethyl-4-piperi-
dinol-N-oxyl (TMPN) and nor pseudopelletierine-N-oxyl (NPPN) are agents
that preferentially sensitize anoxic cells to radiation killing (Wold and
Brustad, 1973).,N(l-oxyl-2,2,5,5-tetramethylpyrrolidinyl)-maleimide is
a spin label that has recently been used extensively in the study of bo¬
vine serum albumin and biomembranes (Benga and Strach, 1975). 2,2,6,6-
tetramethyl-piperidine-N-oxyl-4-amine (TEMPAMINE) has been used to monitor
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the intracellular viscosity of red blood cells in isotonic medium at a
biological pH (Morsey, 1977).
The first free radicals that man became acquainted with were the
paramagenetic oxides of nitrogen. These extremely stable nitroxyl radicals
are formed under natural conditions in lightning discharges (Rozantsev,
1970). Free radicals are compounds that differ from other chemical species
in that they possess one or more unpaired electron. It was not until the
1940's that an oil chemist established that free radicals account for some
of the most spectacular forms of chemical breakdown.
Ozone and nitrogen oxides are among the most toxic components of the
oxidizing air pollutants. Ozone is very reactive and has been shown to
have produced chromatid breakage in human cells (Fetner, 1962). Breaks
were also observed in Chinese hamster circulating blood lymphocytes that
were exposed to X-radiation and ozone (Zelac and Cromroy, 1971).
Nitrogen dioxide (NO^) is one of the several toxicants present in
our atmosphere (Thomas, et al., 1968). It is among the most toxic of the
oxides of nitrogen and is an important and integral component in the com¬
plex of chemicals producing photochemical smog. The oxides of nitrogen
play an important role in air pollution. Nitric oxide, a primary pollu¬
tant in automobile exhaust gases, arises from the equilibrium at a high
temperature of internal combustion chamber. Nitric oxide is colorless
and relatively non-toxic, but it can be converted to nitrogen dioxide in
a thermal reaction with oxygen (Kerr and Calvert, 1976).
2N0 + O2 ' ^ 2N0g
The effects of nitrogen dioxide in man and lower animals are confined
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primarily to the respiratory tract. Histological studies reveal that
the lungs undergo considerable change when nitrogen dioxide is inhaled
(Thomas et al., 1968). Ozone produces similar effects on the lung.
Other notable effects observed from oxides of nitrogen are destruction
of the pulmonary cells and movement of water in these cells (Menzel, 1976).
Ozone occurs in the air above all of the major cities of the world.
It has been found in the rural parts of the United States and may be the
results of air pollutants drifting from cities or from photochemical re¬
actions involving terpenes released into the air by plants (Menzel, 1976).
Biologists have also explored the possibility that free radical oxi¬
dation might dangerously deplete cells of essential fatty acids. Free
radical activity is an important part of phagocytosis, and free-radical
reactions may be the chemical link between cell damage and the inflamma¬
tory response (Dormandy, 1978). Flanders and Flanders (1967) have sug¬
gested that the nitroxyl compounds react with radiation-reduced radicals
in vital cellular biomolecules and thereby create lethal damage.
MNNG has produced chromosome aberrations in two lines of cultured
mammalian cells: one was derived from Chinese hamster ovary (Woolum, 1970)
and the other from human embryonic lung (Emmanuel and Sparin, 1969).
Single chromatid and isochromatid types of aberrations were observed
(Howard et al., 1972). N-methyl-N'-nitrosoguanidine exhibits submeta-
centric or subtelocentric abnormal chromosomes originating from transloca¬
tions between two #l's or a #1 and another autosome (Popescu et al.,
1976). A low concentration of 4-nitroquinoline-l-oxide (4NQ0) produced
breakage (Weinstein and Kazmer, 1977).
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Electron spin resonance is a technique that is very useful in identi
tying free radicals and determining their conformations (Stone et al., 1965)
ESR spectroscopy has been used to probe artificial membranes in Neurospora
(Keith, 1960) and lobster walking nerves (Hubbell and McConnell, 1968).
Because a majority of the biological systems are not paramagnetic, ESR
cannot be used directly. To correct this difficulty one can use a para¬
magnetic probe or a reporter molecule called a spin label (Stone et al.,
1965). The probe radical can be covalently attached to a natural compo¬
nent of a system or it can be intercalated into that system. The proper¬
ties of the probe are that it is very stable and its ESR spectrum is
sensitive to the nature of the system (Pryor, 1976).
The ESR spectra for nitroxide spin labels consist of three absorp¬
tion peaks or lines. The monitoring system records the first derivative
of each peak. Alterations in mobility of the spin label result in changes
in the line width and the splitting or distance between the lines of the
spectra. As the spin label becomes increasingly hindered by its environ¬
ment, the splitting and line width increase (Kaplin et al., 1973). The
greatest advantage of ESR is its ability to detect radicals with dif¬
ferent orientations.
Uncontrolled free radical reactions may be life threatening,
therefore, we must assume the existence of a control mechanism. Since
it is the breakdown of molecules which initiates free-radical activity,
regulation cannot depend on structural integrity alone (Dormandy, 1978).
A mechanism for decreasing free-radical activity is the antioxidant.
Antioxidants are among the most important variables in controlling or
9
preventing free radical reactions. There are a wide variety of anti¬
oxidants used in chemical industry. The antioxidants that have received
the most attention are tocopherols, selenium and diphenylparaphenylene-
diamine (DPPD). Vitamin C has also shown antioxidant properties.
Vitamin E has been under continuous investigation for nearly five
years, and there is still much disagreement as to its biological role.
The major theory that has been put forth is the antioxidant theory. This
theory suggests that vitamin E functions in lipid systems in animals as
an antioxidant. This theory also suggests that unsaturated lipid tissue
is continually under free radical attack and in the presence of oxygen
can be peroxidized (Green, 1972). Vitamin E is a powerful antioxidant
in vitro (Dormandy, 1978). Deficiency of vitamin E causes an increase
in the concentration of free radicals in the liver of white rats by 70%,
the muscle by 50%, the kidney and the heart by 35%, and brain tissue by
30% (Gazdarov et al., 1973).
Packer and Smith (1974) showed that vitamin E prolonged the life
span of human diploid cells greatly in vitro. If vitamin E, as an anti¬
oxidant, decreases free radical reactivity, which is belived to cause
aging, it should prolong the life span of human cells. Packer and Smith
also observed chromosomal damage in the untreated cell cultures after
the 48th passage. The aberrations observed were polypoids, chromosome
breaks, chromatid breaks and other structural abnormalities. They also
found that vitamin E deficient WI-38 cell membranes, particularly those
of the mitochondria, are readily susceptible to peroxidation attack.
The spreading of this process in the cytoplasm could damage macromolecules
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such as proteins and nucleic acids, resulting in an accumulation of defec¬
tive enzymes. A reduction of these damaged products was seen in vitamin
E treated cells. The major question is what concentration or dosage is
adequate for this effect.
Ascorbic acid (vitamin C) in low concentrations is pro-oxidant,
but as its concentration increases it becomes a vigorous antioxidant
(Dormandy, 1978). Vitamin C is essential to man, who is unable to syn¬
thesize or store any significant quantity within the body and it is
necessary that the diet contains a regular and adequate supply of the
vitamin. The presence of high levels of vitamin C can have undesirable
side effects. The salts of the ascorbic acid may be used as antioxidants
(Gresswell, 1977).
Some of the concepts of free radical activity in cells arose from
a study of the aging process by Harman (1952). Identification of the
specific causes of aging has not yet emerged. For a long time it was
thought that aging was a property of the whole complex organism and that
individual cells, if properly cultured, would be immortal. Experiments
to test this theory were begun in the early 1960's by Leonard Hayflick.
Hayflick (1964) found that cultured human fibroblasts doubled only a
limited number of times before they deteriorated, became senescent, lost
their capacity to divide, and finally died.
Several investigators think that mutations may cause aging. If
the damage to DNA is too subtle for the DNA repair systems to detect,
the cell will gradually become defective in essential control systems.
Support for the involvement of free radicals in aging was provided by
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Packer and Smith (1974). They added vitamin E (100 ug/ml) to cultured
WI-38 cells. These cells, which they obtained from Hayflick, normally
had a life span of 50 divisions. But in the presence of vitamin E, an
antioxidant that can interfere with reactions mediated by free radicals,
the cells survived for more than 100 divisions.
Lipid peroxidation in vivo was identified as a basic reaction in
the cellular mechanism of the aging process. Lipid peroxidation is the
reaction of oxidative deterioration (Tappell, 1973) of polyunsaturated
lipids. Peroxidation involves the direct reaction of oxygen and lipid
to form free radical intermediates and to produce semi stable peroxides.
Lipid peroxidation is damaging because of the reactions of free radicals,
mainly peroxyl radicals, LOO that are produced. Free radicals that are
produced during lipid peroxidation are similar to the chemically damag¬
ing radicals that are produced in radiation. Lipid peroxidation is one
tenth as damaging as ionizing radiation.
Biomembranes and other subcellular organelles are major sites of
lipid peroxidation damage. Mitochondrial membranes contain a large amount
of polyunsaturated fatty acids in their phospholipids. Lipid peroxidation
damage to mitochondria can have profound effects on the cells. Lipid
peroxidation in the mitochondria can be initiated by redox agents such
as ferrous iron.
Evidence for the occurrence of in vivo damaging lipid peroxidation
is very important in regards to what function vitamin E plays. One line
of evidence is from direct measurement of lipid peroxidation products
that accumulate in cells such as lipofuschin pigments. These pigments
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are fluorescent. Histological characterizations have shown that these
pigments are complexes of lipid protein substances. Their composition
and characteristics indicate that they are derived from lipid peroxida¬
tion of polyunsaturated lipids. The age pigments have been found to




Male Indian Muntjak (Muntiacus muntjak) fibroblast cells were ob¬
tained from American Type Culture Laboratory in Rockville, Maryland. The
cells were cultured in Eagle's Basal Medium (Hank's salts and 25mM HEPES
Buffer/without L-Glutamine). The medium contained 10% fetal calf serum
(virus and mycoplasm tested) and 100 ug/ml of antibiotic solution con¬
taining fungizone, streptomycin and penicillin. These materials were
obtained from Grand Island Laboratory in New York.
Earle's Balance Salt solution without Ca, Mg or Phenol red was
used as a cell washing agent. 2,2,6,6-Tetramethyl-4-oxo-piperidine-l-oxyl
(TEMPONE), a stable nitroxide free radical, was obtained from Frinton
Laboratory, Vinland, N.J. Giesma blood stain diluted 1:10 with distill¬
ed water was used to stain slides.
A general purpose centrifuge (Model HN-SII) from DAMON was used
for cell collection. Cells were incubated at 37°C in a Model 322 CO2
incubator from NAPCO (National Appliance Company).
A Varian E-3 Spectrometer was used for ESR analysis. EPR aqueous
sample cell was used to hold testing samples.
A RCA EM-4 electron microscope was used for ultrastructural studies.
Sections were placed on three hundred mesh grids. Vitamin E was obtained
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from Sigma Chemical Co., St. Louis, Mo. in 5 gram sterile ampules.
Methods of Procedures
Muntjak and Chinese hamster cells were grown in monolayer in Fal¬
con flasks with 50 ml of Eagle Basal Medium with 10% fetal calf serum
and 100 yg/ml of PSF antibiotics. After one day of growth, control and
experimental flasks were prepared as follows: (1) experimental flasks
were inoculated with either 2 pg/ml or 4 ug/ml or TEMPONE in Earle's
Balanced Salt Solution (EBSS); (2) control flasks were inoculated with
an equal volume of EBSS only. Both the controls and experimentals were
incubated for either 24 or 48 hr at 37°C. After inoculation, the medium
was poured off and .025 yg/ml of colcemid in media was added for 15-20 hr.
Cells were incubated at 37°C for the predetermined time. Medium was
poured off and the flasks were washed with EBSS without Ca, Mg or phenol
red (10 ml). The solution was poured into centrifuge tube, and one ml of
trypsin was added for 1 min and poured off; cells were incubated for 5
min at 37°C. After detachment of cells, they were resuspended in medium
with serum and transferred to a centrifuge tube. Cells were centrifuged
at 1,500 RPM X 5 min. Supernatants were gently poured off, leaving .25
ml at the bottom to cover the cell pellet. Cells were resuspended in
.25 ml of fluid and 10 ml of EBSS, centrifuged and poured off.
The cells were treated with a hypotonic solution and fixed in
HAciCH^OH (1:3) for 30 min at room temperature. Cells were placed on cold
slides, allowed to air dry, and then stained with Giesma stain for 10 min.
Cytogenetic Analysis of Vitamin E
Treated Cultures
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To study the effects of Vitamin on TEMPONE treated cells, cyto¬
genetic analyses were made as follows: (1) control flasks with 50 ml of
media and EBSS only; (2) experimental I containing TEMPONE; (3) experi¬
mental II with 2 pg/ml of TEMPONE + 100 yg/ml of Vitamin E for 48 hr.
Cell preparations were made as previously stated.
Electron Microscopy
Muntjak cells (passage number 6) were prepared for ultrastructural
analysis. The cells were grown in monolayer in 50 ml of media. Control
cells were inoculated with EBSS only and incubated for 48 hrs. Experi¬
mental s were inoculated with 2 yg/ml of TEMPONE for 48 hrs. Medium was
poured off and the cells were washed with Earle's Balanced Salt Solution
without Ca, Mg or phenol red. The following procedure was carried out:
1. Cells were fixed in the flask by adding 5 ml of 2%
glutaraldehyde for 1 hr.
2. Cells were rinsed twice in cacodyl ate buffer (15 min each).
3. Cells were post-fixed in 1% osmium tetroxide for 1 hr.
4. Cells were rinsed in cacodyl ate buffer twice (15 min each).
5. Cells were scraped from the flask, spun down at 2,500 RPM
for 15 min.
6.Dehydration:
(a) 50% ethanol 10 min
(b) 70% ethanol 10 min
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(c) 80% ethanol - 10 min
(d) 95% ethanol -- 10 min
(e) 95% ethanol
(f) 100% ethanol - 15 min
(g) 100% ethanol ■- 15 min
Infiltration:
(a) Propylene oxide ■- 15 min
(b) Propylene oxide -- 15 min
(c) 3:1 propylene oxide:
Spurr's - 1 hr
(d) 1:1 propylene oxide:
Spurr's - 1 hr
(e) 1:3 propylene oxide:
Spurr's -- 1 hr
(f) Full strength Spurr's - 1 hr
8. Embedding: Add one drop of Spurn's to each BEEM capsule.
Place tissue in the center and fill capsule with remain¬
ing Spurn's.
9. Embed in mixture for 16 hrs at 60°C.10.Blocks were trimmed and sectioned for electron microscopy
study.
ESR Analysis
Control and experimental cells were grown in monolayer in Falcon
flasks with 50 ml of media. The experimental flasks were inoculated with
2 pg/ml of TEMPONE for 48 hrs. The controls were inoculated with an
equal volume of EBSS. Cells were washed thoroughly in balanced salt
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solution, scraped from the flask, and resuspended in salt solution. The
cells were centrifuged at 2,500 RPM for 10 min and then suspended in
t-butanol for ESR analysis. The suspension was placed in an EPR tissue
sample Quartz Cell. The EPR cell was placed in the sample cavity of a





The karyotype of Muntiacus muntjak consists of 7 chromosomes in
the male with the following description: two large metacentrics, 3
acrocentrics, one acrocentric with the x attached, and the small meta-
centric y (Figure 1). M. muntjak control cells contained few aberra¬
tions; however, 4% of the control cells lacked a y chromosome. Experi¬
mental cells exposed to 2 pg/ml of TEMPONE contained chromosomal aberra¬
tions. Chromosomal aberrations seen were breaks, gaps, sister chromatid
reunions, centromeric separations, polyploids and endoreduplications.
Table 1 shows the controls and the experimental effects of 2 ug/ml of
TEMPONE after 24 and 48 hrs exposures. Aberrations observed for 24 hr
treatment were 4.8% breaks, 6.9% gaps and 2.9% endoreduplications;
total aberrations observed in the experimentals were 14.6% as compared
to 1% in the controls. Aberrations observed for 2 yg/ml of 48 hr were
9.0% breaks, 1.7% gaps, 20.7% endoreduplications, 0.33% chromatid re¬
unions and 3.7% polyploids; total aberrations seen were 35.5% for the
experimentals. Aberrations were not observed in the controls. The
most frequent aberration types in this group were gaps, breaks and endo¬
redupl ications. Figure 2 contains a gap in the lower arm of the # 1 chromo¬
some. A chromatid break at the secondary constriction is seen in Figure 3.
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Figure 1. Karyotype of Muntiacus muntjak. It consist of two
large metacentrics, three acrocentrics, one acrocentric with the X
attached, and a small metacentric Y. 1250X
61
Table 1. The effect of TEMPONE on the chromosomes of Muntiacus muntjak
at a concentration of Zyg/ml for 24 and 48 hrs.
Control






















Figure 2. A gap is present in the lower arm of the #1 chromosome
of M. muntjak, treated with 2yg/ml TEMPONE for 48 hrs. 1250X
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Figure 3. A chromatid break is present at the secondary con¬
striction of one of the acrocentric chromosomes treated with 2pg/m1 TEMPONE
for 48 hrs. 1250X
22
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Table 2 shows the effect of TEMPONE on the chromosomes of M. muntjak
at a concentration of 4vyg/ml for 24 hr. An increase in the percent of
aberrations was observed; 10% breaks, 8% gaps, 12% endoreduplications,
10% chromatid reunions and 2% polyploids were observed in the 4 yg/ml con¬
centration of TEMPONE for 24 hr. Total aberrations observed were 2% for
the experimentals, as compared to 0% in the controls. Figure 4 contains
a chromatid bread in the # 1 chromosome and Figure 5 shows a chromosome
break of the X attached on the third pair of acrocentrics. In Figure 6
there is sister chromatid reunion of the # 1 chromosome,
Male Chinese hamster (Don strain) cells were also exposed to 2 yg/ml
of TEMPONE for 48 hrs. Table 3 shows the effects of TEMPONE on the
chromosomes of Chinese hamster cells at 2 yg/ml for a 48 hr exposure.
Percents of aberrations seen were 10% breaks, 2% gaps, 5% endoreduplica¬
tions and 15% polyploids. Figure 7 shows a control of the Chinese ham¬
ster cells. This strain of hamster has 22 chromosomes in its complement
set. Figure 8 shows a polyploid cell of Chinese hamster cell treated
with 2 yg/ml of TEMPONE for 48 hr.
Antioxidant Studies and ESR Analysis
Table 4 shows the effects of TEMPONE and vitamin E treated cul¬
tures for muntjak cells. In the control 1% aberration was observed.
In the experimentals treated with 2 yg/ml of TEMPONE only, for 48 hr,
the following aberrations were observed: 5% breaks, 30% endoreduplica¬
tions, 2% chromatid reunions and 9% polyploids. The total aberrations
observed were 46%. In experimentals of TEMPONE (2 yg/ml) and vitamin E
(100 yg/ml) treated for 48 hr, the following was observed: 1% breaks, 1%
gaps, 12% endoreduplications and 3% chromatid reunions. Total aberrations
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Table 2. The effect of TEMPONE on the chromosomes of Muntiacus muntjak
at a concentration of 4]ig/ml for 24 hrs.























Figure 5. A chromosome break of the X chromosome from its
attachment to the acrocentric in the 4yg/ml TEMPONE for 48 hrs. 1250X
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Figure 6. A sister chromatid reunion of the #1 chromosome in a




Table 3. The effect of TEMPONE on the chromosomes of Chinese hamster
cells at a concentration of 2vig/ml for 48 hrs. exposure.
Control Experimental

























Figure 8. Polyploid cell of Chinese hamster experimental cells
treated with 2ug/ml TEMPONE for 48 hrs. 1250X
30
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Table 4. The effect of TEMPONE and Vitamin E on the chromosomes of Muntjak at a con¬
centration of TEMPONE (ly/ml) and Vitamin E (2vig/ml).
TEMPONE TEMPONE (2yg/ml) +
(2yg/m1) Vitamin E (lOOvig/ml)
Controls 48 hrs. 48 hrs.













Total Aberrations (%) 1 46 17
32
observed were 17%. Figure 9 shows a break with displacement of the
X chromosome from the acrocentric.
ESR studies on Muntjak cells treated with TEMPONE showed no
signal, however, the ESR spectrometer used in this study does not pick
up weak signals. TEMPONE control shows a 1,1,1 triplet spectrum (Figure
10). This spectrum is the typical one seen for nitroxide free radicals.
An ESR analysis of vitamin E alone showed no signal. When vitamin E
(2 ug/ml) was added to TEMPONE (1 ug/ml) and mixed thoroughly, no ESR
signal was detected. The field setting for both the control and ex¬
perimental was the same (Figure 11). Scan range was .5 x 10^, field
setting 3392.2 G, time constant .1 second, modulation amplitude 1.25 x 1,
receiver gain 6.2 x 10“*, microwave power .93, microwave frequency 9.53
KHz and modulation frequency 100 Hz.
It was noted that if .5 ml of vitamin E (2 ug/ml) at the same
concentration was added to 10 ml of TEMPONE (1 ug/ml), signal destruc¬
tion would not be complete. A peak intensity decrease was detected;
also a small shift in g-value was observed (figure 12). A concentration
of 1 mg/ml of vifamine E to 1 mg/ml of TEMPONE was used. With this
concentration a shift in g-value was observed as well as a decrease in
peak intensity. A proposed mechanism for the reaction between TEMPONE
and vitamine E is shown in Figure 13.
Electron Microscopy
Electron microscopy of control cells revealed normal cellular
organelles with intact membranes. The experimentals showed no cellular
organelle effects at 2 ug/ml of TEMPONE exposure for 48 hr. Plasma
Figure 9. A break with displacement of X chromosomes from the




Figure 10. ESR analysis of TEMPONE control.
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Figure 11. ESR analysis of TEMPONE with vitamin E.
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Figure 12. ESR analysis of a lower concentration of vitamin E
with TEMPONE.
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membrane breaks were detected in some of the experimental but this may
have been due to mechanical manipulation (Figures 14, 15 and 16).
Figure 14. This figure shows the control electron micrograph.
Note the intact nuclear membrane and rough E.R. 8000X
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Figure 15. This figure shows an experimental electron micro¬
graph of 2iig/ml TEMPONE treated culture. 12,000X
15
Figure 16. This figure shows an experimental electron micro¬




It is generally accepted by many investigators that free radicals
are highly reactive entities. The in vitro model system established
revealed that free radicals do cause cytogenetic damage to chromosomes
at a very low concentration. The results of these investigations, there
fore, confirm the results of other investigators that free radicals can
damage DNA (Marx, 1974).
In these investigations chromosomal aberrations were revealed.
Muntjak cells were exposed to 2 pg/ml and 4 yg/ml of TEMPONE for 48 hrs.
Chinese hamster cells were exposed to 2 yg/ml of TEMPONE for 48 hrs.
Chromosomal breaks, chromatid breaks, gaps and endoreduplication were
observed. The most frequent aberrations seen were breaks, endoredupli-
cation and chromatid reunion. Packer and Smith (1974) observed chromo¬
somal aberrations in cultured WI-38 human diploid cells. The aberra¬
tions seen were chromosome breaks, chromatid breaks, polypoid and other
structural abnormalities. They noticed these aberrations in cells that
were in or near the 48th passage. Cells in culture are believed to
enter three phases during their growth. Phase I consists of cell attach
ment to the flask; Phase II consists of rapid growth, and finally cell
death occurs (Hayflick, 1964). Experimental Muntjak cells exposed to
2 yg/ml and 4 yg/ml of TEMPONE contained chromosomal aberrations. The
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chromosomal aberrations were due to the nitroxide free radical. These
findings confirm studies done by other investigators that free radicals
damage chromosomes in vitro as well as in vivo. In the control cells a
number of the small metacentric y chromosomes were loss. In tissue
culture this phenomenon is considered normal.
An increase in aberrations was seen in cells exposed to 4 pg/ml
of TEMPONE for 24 hr. Chinese hamster cells (Don) were also exposed
to TEMPONE for 48 hrs. Similar results were obtained in Chinese hams¬
ter as was seen in the TEMPONE treated cultures. The most frequent
aberrations seen were breaks and polypoids.
In electron spin resonance studies with TEMPONE and vitamin E,
there was either a reduction in the signal for the non-cellular system
or vitamine E quenched the nitroxide signal. In other studies vitamin
E has been considered to act as an antioxidant (TappeT, 1973). An ESR
analysis was attempted on the TEMPONE treated cells but no signal was
detected. In other studies, cells were frozen in liquid nitrogen and
ESR studies conducted at 77°K (Segre, 1977). The Varian #-3 Spectro¬
meter used did not have a low temperature probe; therefore, such a low
temperature could not be reproduced.
Investigations are now being done to see if vitamin E can re¬
verse or repair cell damage. These investigations revealed that cultures
treated with vitamin and TEMPONE had a lower percent of aberrations than
TEMPONE treated cultures. Packer and Smith (1974) added vitamine E to
cell cultures and the cultures doubled their life span in vitro. These
studies support the conclusions of Packer and Smith that vitamin E
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reduces free radical activity in cultured cells. Further investigations
will be done to identify parts of vitamin E structure which may react
with the free radical, TEMPONE.
Electron microscopy studies revealed no cellular organelle
effects from 2 pg/ml of TEMPONE for 48 hr exposure. One reason no
cellular damage was observed in the organelles could be that the concen¬
tration was too low and/or the exposure time too short. Further studies
will be done with higher concentrations and longer exposure time. Free
radicals generate lipid peroxidation and this can rupture the lysosomes,
which in turn would be expelled into the cytoplasm. These hydrolytic
enzymes could cause cellular damage to other organelles (Tappel, 1973).
Further studies will also be done on several free radicals at different
concentrations to determine cellular damage.
Mutations and the evolution of cancer and aging may be in part
caused by side effects of some of the free radicals produced in the
course of normal metabolism. If we apply the general concepts of the
mode of action of active free radicals to mutation, cancer and aging,
it would seem that mutation, since it is due to DNA changes, could be
initiated by free radicals through attack on the enzymes or precursors
involved in the synthesis of DNA and/or chemical alterations of exist¬
ing DNA. Future investigations must be done to study ways to control
radical reactions and their relationship with certain diseases.
CHAPTER VI
SUMMARY
From the present investigation it can be concluded that:
1. Nitroxide free radicals do cause chromosomal damage at a concentration
of Zug/ml for an exposure time of 48 hrs. and 4iig/ml for 26 hrs.
2. Electron spin resonance studies can show the effects of vitamin E on
free radicals in that vitamin E is an antioxidant and destroys the
free radical spectra.
3. Electron microscopy revealed no cellular organelles damage with the
low concentration of nitroxide free radical used.
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